=acE:s 1 PAINT DATD: 03/01:57

FAILURE MODES EFFECTS AKALYSIS (FMEA} -- €QITICAL HARDWARE
NUMBER: Md-1BG-LVD33-¥

SUBSYSTEM WAME: DLESTRICAL PQWER GEMERATICH - TRYJ, STHEAIC
REVISION : 1 1I/71z2/91

PART HAME PART HUMBER
VEHDOR NAME YENDOR NUMBER
5RU : SOLENOID YALVE. HZ REACTAAT MC2B4-0429-4200
EATON CONSILIDATED CONTRALS 74405-4200
srU . SOLENDID VALVE, 42 REACTANT MC284.0429.4201
EATON CONSOLINATED £ONTROLS 743035.4201
PART DATA '
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EXTENDED CESCRIPTIOM OF PART UMDER ANMALYSIS:
SOLENOTD VALYE, HZ REALTANT

REFERENCE DESIGHATORS: 40v43Lv¥0a33
: A0MA5LYDAT
a0vasivoad

QUANTITY OF LIKE ITEMS: 3
CNE PER K2 MANIFOLD #1
TWO PER HZ MANLFOLD #2

FURCTION:
PROVIJES CAPAIILITY 7O [ACLATE HZ rROM ASSOCTATED FUEL CELL.
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BALT. 2 FRINT SATE: C4/01/%2

EATLJRE MOOES EFFECTS AMALYSIS (FMEAY) -- CRITICAL FATLURE “ODE

NUMBER: M4-1BG-1v033-91

REVISIONS 1 11/12/91 R
SUBSYSTEM:  C_ECTRICAL PQWER ZENERATISN - cAT0, GENERIC

LRITICALITY GOF THIS

ITEM NAME: SOLENOID viL¥E, 42 REACTANT FAILURE MQpDE:-!

LR R R e E T ---------_---———u-.-_.-__————-—...--—-——.—-p----.--.-_--_.._-___...

FAILJRE KOOE;
FAZLS QPN CR INTERNAL LEAKAGE

MISSION PHASE:

LG LIFT-0FF
o0 Co-iREIT
A ANDING SAFTHG

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102  COLLMBIA
103 DISCOvERY
1 104 ATLAKTIS
; 105 ENDEAYQUR

CALSE:

MECHANICAL SKOCK, WISRATICN, CORROSION, PHYSICAL BINDING/JAMMING, ~o4_
TAMINATICN, ELECTRICAL GPEN QR SHOAT

CRITICALITY 1/1 DURTHG IMTACT ABORT OHLY?

ettt e B

REDUMDANCY SCREEM A) Pass

B} FAIL
C} PAsS
PASS/FAIL RATIOMALE:
A)
B)

REDINEANCY SCREEN 3 - FATLURE MCOE 1S NOT OEVECTABLE CURING FLIGHT
SINTE vALVE IS NORMALLY OPEN.

-—--—q---————---l—--*————--—---——-.-..--.--..-._.__—-—-—--__—___...-__.--.._.____——.--q.._-_

4-—i-i—---—-—-—"-i—--H-————li---———--i.—-—----_—-.—.—-p-.-—-.-.-_—-.--.-.,.__-—-.———-.-.--—q,_

{A} SUBSYSTEM:
NO EFFELT AFTER FIRST FAILURE. VALVE IS NORMALLY OPEN.

(B) INTERFACING SUBSYSTEM(S):
SEME 1S [A)

M4=-1BZ - B7
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FRal 3 FEINT navE: 0401762

FAILURE MOCES EFFECTS AMALYSIS (FMEA} - CRITICAL FAILUSE HOOE .
NUMBER: M4-18G-L¥033-0]

FLI-

& (C) MISSIO0N:
SAME A5 (a)

o (0) CREW, VEHICLE, AND ELEMENT(S):
SAME 45 (A)

w (E) FUNCTIONAL CRITICALITY EFFECTS:
"U3SIBLE LDSS OF CREW/VEHICLE IF EXTERNAL LEAKAGE OF HZ REACTANT (CiL
Cd+14-0101-4) OCCURS IN THE 2SSOCTATED FUEL CELL PCHERPLANT,

.______...,..._---——-——-—-—————r—-.-——-—-—--———-.----——-.---u..__.-_—-.-.__——.--_-..-_._.——.---.-..--—--_....---.—

m (A} DESIGN:
saLVE I3 SPRING-LOADED CLOSED. 50 MICRON 9BS FiLTER AT “HE INLET.
JALVE CONTAIAS KO SOFT GDUDS IN CONTACT WITH THE FLUTD. MOYING PARTS
IR GOLD PLATED TO REDUCE FRICTION. WOUSING IS CONSTOUCTED oF cres 304
_ PREVENT CCRROSICN. ALL VALVE COMPONENTS ARE COMPATIGLE Wl WGRK NG
PLULLS.  VALVE IS MOUNTED WITH BOBY AXIS PERPEND{CUIAR TG VEMICLE
Xooals TO MIRIMIZE VISRATION EFFECTS. YALVE [S DESIGNED T CLASE 4- 4
HINIMUM CF 18 YOLTS (WOWMINAL DRBITER 3US VOLTAGE 15 28 VOLTS).

@ (B} TEST: _
éuiLIFICATIDH TEST VERIFIEN MORMAL CPERATION QURING SHOCK (20 G) AND
VISRATIGN (0.1 G SO/HT MAXTMUM RANDOM, +/- 0,25 G PTAK STHUSOIDALY aND
THEIMAL GPERATING LIFE TesT (TOTAL OF 3000 ZYCLES FREOM -310 TO +220 GE3
= AT DPIRATING PRESSUREY.

ACCEPTANCE TEST VERIFIES FUNCTIONAL CRERATICH DF MAGNETIC LATCHES, WQ
EACTISIVE INTERNAL OR EXTERNAL LIAKAGE AND THAT FRESSURE DROP IS WITHIN
L.MITS.  YALYE (5 DIELECTRIC STRENGTH AND INSULATION RESISTANCE TESTED
{10 MECAQHMS) TD 500 VOLTS aHD YERIFIED CLEANED TO LEVEL 200 By
PARTICLE COUNT. VYALVE 15 FURTHER VERIFTED QURING PANEL MODULAR
ASSEMBLY AND SUBSYSTEM CHECKOUT.

{ CMRSD:  VALVE QPERATION AND INTERMAL LEAK CHECK VERIFIED TyvoRy
TURNAROUND.

a (C) INSPECTION:
RECETVING [NSPECTION
MATERIAL AND PROCESS CERTIFICATION DOCUMENTS ARE REVIEWED FOR
COMPLIANCE WITH PROGRAM REQUIREMENTS.

CONTAMINATION CONTROL
ALL CETAIL PARTS ARE CLEANED PER ROCKWELL APPRCVED SUPPLIER PROCEDURES.
ALL CETAIL PARTS AND SUBASSEMSL[CS ARE YISUALLY INSPECTED FOR EVIDENCE .

Mi-1BG - 4o
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JAGE 4 - PRINT DATE: 34/01/32

. FAILURE MODES EFFRCTS ANALYSIS (FMEA) -- CRITICAL FATLURE Manc

/
@

MUMBER: M4-1RG-1¥033-01

UF CONTAMINATION AT 20X MAGNIFIZATION, ALL CRES QETAILS ARE PASSIVATED
T} PIEVENT CORRCSTON, THE VALVE 15 VERIFIED CLEANED TQ LEVEL 200,

=SEEMELY S INSTALLATION

Sl JETATL PARTS ARE [MSPECTED UNDER 40Y MAGNIFICATICY F2m SyURFACE
FIN[SA SURRS AND JAMAGE, THREAD LUBRICATION, TORGUING. AND LOCKWIAE IS
(ERLIZD 8Y QU,  JOCUMENTATION IS REVIEWED TO VERIFY RECORQING OF 5:!M
AAD ZAP DIMEMSICNS USED TO OBTAIN AND MEASURE ARMATURE STROKE.

CRITICAL PROCESSES

TAE ZTLY PLATING PROCIZSS IS WITNESSED AND THE PLATZZ ARMATURE T3
JISUALLY [ASPECTED UNDER PAGNIFICATION FOR PLATING JEFZITS.  LZAD Wizt
i) CONNECTOR SOLDERING [5 VERIFIED [N ACCORDANCE WITH NHE 3300.4 (3A),
FALYZ StAT WELDS ARE LEAK CHECKED UNDER FULL PRoo: PRESSURE AND
VISUALLY IHSPECTED UNDER 20X MAGNIFICATICN. ELECTRAN BEAM WELD PROCESS
[5 VERIFTED 3Y SECTIONING A SAMPLE VALVE SEAT T(Q DETERMINE WELD
INTZGRITY (20X MAGHIFICATION INSPECTION).

TESTING
ALL 3PRINGS SRE LOAD TESTEQ AT DETAIL LEVEL AND ARE L0T TRACFABLE.

COIL ASSEMBLY 15 TESTED AT SUBASSEMBLY LEVEL FOR INSULATICN RESTSTINGE,

JIELESTRIC STRENGTH ANO POLARITY. OPERATING VOLTAGES AND LATCH FORCES
ARE CALIBRATED AND VERIFIED 8Y INSPECT[ON DURING FINAL A0CZATANCE AF
THE MAGHETIC LATCH. [NTEANAL LEAKAGE [3 VERIFZD LZSS THAN 13 §-7M
JURING YALVE ACCEFTANCE. TESTING.

HANDL ING/FACKAG NG

HANDL.NG, FACKAGING, STIRAGE AND SHIPPING PROVISICNS ARE VERLFIZD 3v
THSPECTICH.

(D) FAILURE HISTORY:

CAR NQ. ACB705-010 OOWNEY, VALVE PANEL ATP

LMIDIZECTIONAL SHUTOFF VALVE EXHIBITED EXCESSIVE INTERMAL LEAKAGE

JURING SCWNEY D2 PANEL ACCEPTANCE TESTING. LEAKAGE THROUGH 02 REACTANT
falye FELL WITHIN SPECIFICATION FOLLOWING YALVE CYCLING AND BACKFLUSHING
AT THE SUPPLIER. INSPECTION WITHIN REVEALED MO DISCREPAMCIES., THE
TICHALY WAS SUSPECTED TO HAVE BEEM CAUSED BY A CONTAMINANT WHICH CLEMRED
TTSELF.

Y0 CRRECTIVE ACTION WAS IMPOSED SINCE HQ EVIOENCE TO SUPPORT THE CAUSE
CF LFAKAGE WAS FOUND,

LAR ND. ADO9OL-010 DOWMEY, VALVE FANEL ATP

UNIDLRECTIONAL SRUTOFF VALVE EXMIBITED EXCESSIE INTERNAL LEAKAGE
DURING OCWNEY 02 PANEL ACCZIPTANCE TESTING. 0£ REACTANT VALYVE LEAKAGE
wAS VERIFIED AT THE SUPPLIZR, ALTHOLAH [T vARIZD WITH VALVE CYCLES.
THE ZXCESS YALVE LEAKAGE WAS ATTRIZUTEY TO TRE BALL (PCPPET) WHICH

AAD QUT GF SPECIFICATION SURFACS FLAWS. ONE GF -THESE FLAWS, WHICH WAS

M2-1BG - §9

I9s



T3
A=
o
[ |
¥ 11

FRINT JATE: ca:n17472

FATLURE MOGES EFFECTS AMALYSTS {FMEA) -- CRITICAL FATLURE MODE
NUMBER: M4-1BE-LV033-51

3, TELTIRM OF 3 CAVITY 1S SUSPEITI) T NAWE STRADGLED RE SEAT'S
JELLING SURFACE WHICH N TURN CREATED THE LEAK PATH. THE CHANGE I
sooK AATE CAN BE ATTRIBUTED T THZ FACT THAT THE FOPPET 15 FREf T4
FOTATE 580 LOULD SHIFT QURING VALYE ACTUATION.

ryeenDiIM WIS JLUSED WITH THE FOLLOWING RATIONALE: ALL FRSO SGLENQ!)
JECVES SAE NOIMALLY OPEN WITH THE GXCEPTION OF THE 3AS SUPPLY VALVoS.
S8 CANIFCLO, ECLSS GAS SUPPLY, ND “HE RTACTANT YALVES WCULD CNLY 32
SPRED I THE EYENT OF A PRIOR SYSTEM FAILURE REQUIRING [SOLATION ur
323 SURPLY UALVES ARE CLOSED AND LEAK CHECKED PRIOR TO LIFTOFF. 453,
G REQUCE THE PROBREILITY OF THIS PROBLEM RECURRING ON FLTURE JARCWEAS,
IME SALL INSPECTION CRITERIA HAS BEEN ADE MORE STRINGINT. LEAd cHEced
"ILLOWING POPPET/SEAT ASSEMELY AND PRE-ACCEPTANCE TZSTING AAVE SEig
TMPLIMENTED,

CAR MO, AD3432-010 SUPPLIER, RECEIVING INSPECTION

~03439-010 SUPPLIER, RECEIVING [NSPECTICN
w0 HZ UNIDIRECTIGNAL REACTANT VALVES EXHIBITED EXCESSIVE INTEANAL
LZAKASE AT THE SUPPLIER, BOTH VALYES HA SEEN REMOVED FROM OV.-104 Foa
NSPECTION OF THE GOLD PLATING ON THE VALVE'S ARMATURES JER MCR L17és,
- CAUSE OF LTARAGE WAS [DENTIFIED [N 20TH CASES TQ BE A RESULT oF
AAJLAL CRACKS QN THE vALWE SZATS. sucH LEAKAGES 3RE QMRSD SCREEMABLE
EYERY TURNAROUND BY A MANIFOLD PRESCURE CECAY TEST {10 PS[/10 MIN
AEPRESENTING 13 SCCHM ALLCWABLE LEAKABE),

@ (E) OPERATIORAL USE; |
©0 CREW ACTION AFTER RZACTANT VALVE SAILLRE (UNDETECTASLE). IF THE
SECuND TLILURE IS LEAKAGE OF A FUEL CELL TKEN THE MANTFOLD VALVES Can
28 TLOSED "D ATTIMPT TO [SOLATE THE LEAK, THE ASSOCIATED FUEL CELL
MAY BE SHUT DOWN AND REMOVED FI0M THE 33,
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RELIABILITY ENGINEERING: M. J. WEST
OESIGN ENGINEERING t M. M, SCHEIERN
QUALITY MAWAGER 1 0. J. BUTTNER
MASA RELIABILITY :

NASA SUBSYSTEM MANAGER -

MASA OQUALTTY ASSURANCE -

M4-18G - 80
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